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Chapter 


fvbf'&iBM $<L<14>iSPl$ C<lPl<F> 


fefwm 3Xr$km w*tm wt^toTf! 4 $ wqjtn vrmtfvfwsm 
w*tmw <f yn wm / *rtf¥$ fo, 4Rt*M f&wPM 

*nf¥a?4 */Mw /w 4wwr ftw fmr wfcTfcrr ^mti 



RjRVbm ^ ^ 4^mi R>RVcm ^tf^ } Crofter 

^i‘ 5 t^oi ^ wt ^rt^i wnwr wnTfar^ 

Roittw R>RVbm ^<rr 

c^^jild^jH R^fc>i cwr ^§ft, fOT (TTfwrm 

f^TT ftiJclON W^J'3 fvbfalBM ^Tl 

Wt^D ^T ^TtWl 

^T^IItST RjBi'BH 4<f c#r^ WMl 
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w os, #r 4T?r tot ^rt f^ut? ftro f wm 

cw «rr crfti f% w <rr f?Njt? 4 <r ^ cw ofti 

iftto 1 % >ioj 'ftT f^r^^jTt? t^c-sH ift 0*1^ '^iTOT fti 

w c*\cu *ttfti ^fto srarorm to to ^ f?NjT w 

TOl TO 4<R f^RlTT 2KTO $\3<m TOHft TO<tt CTO 

feTO Wo *Tlftl CTO 2ftTO ^TO<J f^UtTOT O 

w *ttfti ^ ^foj fatrr TOa b 4 <r o totst wr m R>RftM 

ftfero ^ to <TOo toti [oRfth w <?ft , 

g# R>Ril5M c#[^ toTO w Wtoi TO<rT foteh tot<tto 
*t®o toti fw wm f%? to^; ft^tffo i cqTTtorn 

>iiM?5i £#ft ^tot >nf¥o5<i to toto to ’ti#! toi ^r<k 

toto ^i M?«ftfro ws ftfro coic^ cTOo *ttfti cw £TO 

C^1C<PC^ ^ 0»lft TOl 0>1(<P0^ ^ Cofft, ^ TOl C^IC^C^ ^.b C'sfft 

^oitft i *>i dj tw R>fai>1 ci sflf^r Mk ^FDto TOto TO; *pi 4 <r ot, 
TO CW 4<R W wo TO I CTOT « TO Ttf^T 

<UTO3 OTO, <m| 0C°13 C°1^1^rD £[% ^CO 1%^ t%£[ Coles'S! 

^voft toi TO<rr mi^c>i*si ctot <ro gjrafroHjMfD (ft*r to 

ftTO 2fTO Wol TOTl 4ft 4^ft ^TO^T 1%TOimi Wf^pR5- 
TOtTO fto TO Wo TOTO TO WsT TOT 
TOtTO WTT ftftftM ftTOjMl oft TTft^T CTO^ 2jt« 

(WTOt^ foBi'DM f^T-?mjtTO 

*tfW W W^Il ^^1J ^t ^ ^ 7 Tf^T 9 f 5 ioRfth wftSfti 










OT<M C¥fv5 


g ;7 

✓ PWfrfr 

b Wm Rj'Sii^d 


wot ot<f wot ^ktj otiot MM 5 ^m^ 

°\ 

wmM wo oti 4«cm to w 
molco wm R^siQvd wmw wm 


*nf¥gtoT lOTm Mto to <m% cTOtotOT , f¥to 


OT f¥w Mtf^l ‘WW mto l¥w cto 

wot OTT< 3 , ^mw mlm^ %otwt ^ ^ mM stm cot OTT 
otot wo mrnm OTm c#! tot^ to mew i tot^ to mm m 
wwiiHic^OTmMMd wo^m OTiOTM^mm^wM 
mrno oti ^mw mf¥cB1¥w otot mcmM wot ot ott^, 
MM mM ^To mM M$n MM mM Mot ott f¥w 

mMwOTOTtoi ^Mmto^mOTtm^RmQo mcmMi w<ii 


MM cm- m OT ^ Wo f¥ fOT? 

(7JCOT MM mMl, CWOT M ^ TOOT 
Coles'S? mwo mmi 4COT W OT GTf CWMi OT° M 
ColMi ^ M 4<R GTf Wo COT ftM^tOT 

oMcOT OTm i[OTl COT Wo lOTTf OTD OT >COT^t( 7 T 

cwto ^ cm wo ^ottt emm mm cot to emM? m^, 


1I<iPk<OT smtOTt 
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Low o 
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wfc «?ui wmm ^ o cm ^mr w f^r^ur^^Q ^m\ cm «i 

oft = ^ToJ ^\ GTf = f^RiTtl WRH 'oilfl^r ^ f^tffto O <p<\00 ^ftftl 
^ = f^r^ut 4 <r (sW = wi ^ footed to fw 

W<[ 5 (7T C^T W^l 'SifDciol Wti « ^ 

Wo * 10 S?fDo W#, - W 4 <R GTf WO W*fK 

ccTr=f^r^ur ^ ^rfwm ^rt W3 

WUT C7TRI ?TC7T <TMtO = h 4<R GTt = o [#ram 


ihPic^^ sfwrr 
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iRfm]i nmfe w in wf immi rnrnm on tmnffr 

ifirniimrnm 


lHls^O lf5 Co ^\5 C'^Ic^'Si im <3 !\ (cTf CO mo C'HcB'Sl Id Ot 

ml^fl 41 ^ll flol Wl ^Nd'alW im Itl, +tf 1C5^ ift 4m 

o cm%crn cm cmrnsw im n i tm§ imm ci 4n im mi cmti 
mu cfti ^mnrnpm, mmm mf^m +^.8 clem +c cm%rn 4m 
+o> cmrn o cm%rn cm f^mm Imo mm i mtiti mcim mr^i mm 
mn f%^ » ift-cm %tm cm 4^01 tim^ mim mnofeo 
memoir mimti 


$teimSRieai mm fien 

mim niton §\<\t<w Irnmi firntm 

mm o clem ^ c# m# mn uimi mtii mmficm 
RRVgh ^cimgftc<fci o 4m b, wft mi mrnoo 

men oft ^jiMkh^ 'Stlmn in fmti fer 
^em^icmi ftmi Rrrnim mm m in 4mm mrnmi mn cmti in 
fmn cim ^ mn rnmmi 4 i# mm tmn ic^; 

iftmft mm tmn i 

iftitf mm fmn§ mm mimi 'mrnfrni #mn ci mm tmn 

rnimi mti, mcrn im n ostiiti to tm^i ^ crnm n 

mft miff? i°n mr mm m mrmeii mcoo nft? m^r mei, m fim 
05ftm fro^r nrn mm mcim imii ^ osRmtm tmn imti mm 

rnmm cmitmor, fernc^i cmfi, w nm ^ojtfm mm mfrni 4n im 
mm mm, f%ig|m: cmti 4fmn rnn^, item moo mm m^r mte^i 
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ter (TOmn orj cto to R*# tott toti 
to ^TOrt to TO^rr to oft toto r<jto to 
to te?r> gt'TO to ^Rtrr 4 <r T ftft TOrr 

teft TO CTO TO W TO TOTI ^ft ^tTfl ^ft TO ftftTO TO 
TO ^ftflt TO te?Tl <rftTtft teR TO TZ0 'TOT TO^l 4TO 
TO TOTO TO ^ TOl CTO$ fotSiBH *Hfi>U>4 CTOTO TO 
^^TO ^ TOTO CTO^W TOCo TO, oft ftftfTO ftftm ^ftrtft 

tototototo 

TOrtft tecro topt^ TOto te?r cTO fro toi 

^TOCTO TOftT ftroft TOTtTO TO TOl TORTf TOTO ^TOT 
*jft 0^8 I 4TO 0^8 TO TO 8 TO TO TOTO TO TO\ O TO TO 

toto c#ti Tot TO ter TO TO toi totTO 8 to 

TO 4<R ^ TO TO TORT TOTOTl 0^8 C¥ WfTO TOsf TO ftTO ’ftftl 

o^8 bo = ox TO+ ^X bo b + 8 X bo° 

^TOto ctoto ft^rrft toto ^ wrrtft cro wi cror cro 
<lTOlil TOT bboob c^ tero TO TO TOH 

bboob^ =(b x ^ 8 )+(b X ^°)+(o x ^)+(o x ^)+(b X ^°) 

4TO TOT TO?T TO¥f *fft 3 

bboob^ =(b X ^ 8 )+(b X ^°)+(o x TOK° x ^)+(i> X ^°) 


hhooh^ —b'b+^+S+'^+b 






bboob;. =0^5. 

wk bboob <iftiii) wur cofa^ ^ 0*1 

« 0^8 ^RtTt! CTO c^ftt WltCl O 41 111 C#t 41^ WTO 8 

im wot i^ii oft witmi fts it wr ot wot otft 

^T°lTt [Most Significant bit] 41° ^fl WlC/l^ ^Ts^lJlT^ 4°1 f Rl ^liCbCil 
^RUT [Less Significant Bit] I 

« TOT croft, i^ftftftr 4 ^ 1oRfth ^Itift ^5 iftrtft to 

ftftl <imN TOI ^ 1# CvbftH^M ftftll 4H 

ftRftM to?r to W Wo TO WlTOl 4 W TO ^Itl Cll Wo 
to, iti wu cvbftiMici iftrtft co 4i° iftrtft c^ c^ftror 
<Fitw wo *nfti 4ft i#r ftftt ?^n toi ftitwr ftuft cjT^rfiTTr 
toti 

ixwft toto 4i# wur to; bo^i 4w *iftrtfxo <Fitw 
Will 4TOT bo*> CW ftd TO Wo TO 41° Sjftitn ofTOl to- 
Oll, (XT IT <?Tl iftXl cft§> I 41H ^1<ICt?C<J ^TOl ^°lTtft ltd 
ItlOT 41° WOT toi WlJtft TO 

bo^> 41 iftrtff' 


bo c$>A 

<tS/\ = 

^A = 


= a-8 41° TOTO b [WOT TOU WlJT] 
05 41° TOtXW o 
bo 41° TOTPTl b 


boA = 'b 41° oTTOl b 


wl^TTlft^ 5 IhPicTO sf^mr 
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vb/^. = o '»t 9 fr c r^ o 
oA = h ^ b 



^ ^T^tm b fwe tot ^T\*Uf 


m tos gt totoft wr?rar c^t^nrr bbobbob 


to « to totot ^°*lTt(7F to to w Fit to 

^fl ^Tfao to obbobbob I to? tto ST^tPtl 

c<rwr wi 

w totot toiw cvbf>iMici ?Rtrr w? wit 

^to totw oic^ifli to ^rto tow cm\ wti 


bbobbob ^ totoM ^o qx^? 


^6 ^1 ys ^ ^ 


□ 


* 1*7 sir^m ^ 


i a i i 


a i 


wft sR^nr 


^ X 
o X V 
i X 
i X V s 
o X 
^ X 
^ X ^ 


= ^ 

= o 

= 8 
= V 

= o 
= 

= 4>8 


'^8-t-v-t-\s^-t- i>3 


ioS 


torrfto toto^ sf^mr 
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otfm |cT - 

Ote tvbfaflM CvH^RTM Ote ^Ttft ^RtTT 
*lR<ITON teTO ote ^mr W «WM$tcia?« W&B 
Wl iq^U ^*1T ^Ttft Ote to TOl 

o v3 b fe t^rte toi 4<m<j cte *ifWd to 
c^Rte fte^> c^chh te^r TOi 




bobooboo (?^ C^Pl^ilC^I <F*tTO ^ftl 

^o 0$ ^fl/Tffte ’ttoJ 


<lRdlt) C^ICvbvb ObfaflM 7^|BCD) 

<llRdli] t<H(.vbvb Cv^f^RteT TO f^OT, C^TO 
8 ^TTtft ^RTO 2fTO W RSI CteT 
boo ^ siRStft c^tew OS^Rte sw 

WO ^Ir TO te tTOS tet OTtT StSI 

^ \s o 

/ I \ 

ooo'h oo^ oooo 

btfO^o = ooob oobb oooo (BCD) 


sf^mr 
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Sf^TT b 41 toftt CTOlT W^l 4Wl O 4<I toftft 4TO o 

41 toflft oooo C^WWl^WM#i» 

4^TIN W5, (7# toftft t^lCOvb tvbfaflM TOtTfl 

^ 41 < m!? 1(7I i3(2 , s Compliment) 

« 4 oror Gi tortft TOtrr TO 35 to w 

tot TO^to to^uti« cw <7R7tto TOtrr 
to toi w i# to toi« wm <rom croton 
<#dii) to^urto sw w<m 4^ro tottoi w<\ tor 

TOMto^O 4TO^ 41 itoto toT TOfflftftvSvb toltl ^TOlT 

41# 1# fitoimt [touitod tot iron to <7# tor to ton 

W Wll 1# 43; tol TO*!j# TOtos 4 to 1 # 43! 

toi tot b ri to TOtr# ctoto cw r obbb <ro tor 
TOito^o toiti crotto toto totot 4i totirtti to o i 
TOTlto bbbb om TOtoo, TOU 41 totirtti to TOtooi 

43[ to# Hi TOltH 4^ H5 Cl# 41# Wfl TOU 

to:# to# 4 to 4^rm ciro to#M to# <F*mm 43 ; 

tor TUt^lPlfDvBvb wr ^11 

croto tort# toi to w toui tori tototj tor mr 

^1 I 41 itofctol 5 41 TO#R7T# TO5#o TO1TO TOltll <totft 
TOI ton ClTO/Tt ^1, CTO bbobb I to CTO#o TOI CllR/Tt! 
TORI, CTOtto W 41 my #n#o TOU TOI (Tit 9 ! TOI ClTOlT 

Rll to toWH TOTOT to# nTOlt TOTtl 

(7TTOT « -8b 41 toTftf WO to 
8b 41 <lto?l 3TO>; = oobo boob 


w|^<i|[?i<P ^<|fci(L<^ j0 Mr Sf^H^Tf 


15 







b’ <3<f d(^=bbob obbo[^[?M o(f 

(s\*tt] 

b CnN n# = +b 

= oobo boob [<3fi> d’ <31 


sfftlsM'&lM W Itl, M d^C3> 5 <31 l^fefe ^lU Cltnfe 
^RUTto SF^H <F>3CO dCn <31 dlddlH feodlll <3111 b <31 
fe?t(7r$ feo RCl, Clffr o <^> b <31R b *flT fe *1 

nife b <31 l^fet^ 2tM nRlXt^ b fe ClM W^d <3^ ^ <31 
fetfife nfeo RC1I <3fd ^RUTl dlddlH <PTl 


<n^diD ^Rtrti cirn fern 

dlddltl 1W1 ClM fern ©1 > 5 tn HtH 

-tiofe inrniF^fei nt^Kr w *m\ fe 
< 3 ^r < 3 ^ 5 ^ noinr, itn * ir wttn cfew# 

feiei w toi Ifecm cwita wtnr wm? ©^ff sfeo 
^ci, itn * ^^rcTrr cirn fern wo ntti < 3 m ntfe fefe 

wo fe oft writ^i wtnto qxi fei« <3©mr rKo w *m\ 

ifeft w cirn ^rim ciftm wsf$\ ifn c#r wimi nm <3^ 
nm <31 cm fe ^ iti on <31 ntnr b cirn worc^i 

d.O = 000 b oboo 
Ird = obob obbb 


bod =obbo bobb 


<n57Ttf?f^ dhPic-f’dd sfd^Hdt 
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<riR7Ttft tarn cnw cfot f^t *mw cq^r C5\m\c] 
^rfataMTrc^taf^^i^i cwr^rm^t^b oWotam 
wo fir w<\ ^jiMkh^ nm nw c^ b nrn wa mi ta 

^n^Tot^RTi *rmwoRmoi 

3£o mm, ntn WT?raT 3$Uo <mco nl^l ^nKTT -b.’ ^ 
tatota W wi nos?fDo ^ ctafro 

GTM W Q7T, CntfaT (T^nta ^trf^ WT nta ^ (TIN W ^1 

ntaft cnrn tattn r wr njw i 

+bo> = ooob oobb 
-<R = bbbb boob 


GlH = OOOO bboo 


[oRi'CH ^Tlta W W<f W51 ^Tf Wo W 
WW ^Ti joRVDM W niw<r 

wt w wi ^rrwo w ^rita ^fTRi 

^ <7Tf ^tf^PT felt 1 m^PT <F>o 'spRT ^ ^ Rjn oT 

tar w 4<r fwrt 4<r ^i« wPr f%(Wprt wrf 

RC^ T = 1/f I T = 10ns R^T OlRFf f = l/10ns = 100 

MHZ 
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Miin to^ toitot v5i^r 

Rjfe'BH CTO TO CTO TOT ^7T to 

^ toto w Miih SmfTm 4 <r 

TOITO Smf^TI MW 3^#TO ^I^iRxLvd, ^>^TO 

4 ^# toto tow ero wjtticd wf^r toto; wtoi 

4 TO SffM^ wf^t 2j% 3TOI t%$I TO?T TO?T CTO WJ*llCd 

Gm ^rtroi ^fwr^ cto ^iMich^ tot 

<MCTOTO MilH WTOTOl 

Wlltw «ff CTO WTO 'TOT f%^ TO ^ 

wr ^ii ^to to^t vsfer c^ to w ^toitto TOft 

CTO TO7TOT CTO TOl 

(TOT « ^ CTO W^T CTS bobbbo TO CTO WJTO 

cto wo to, f^#ro jimro cros tott b to towt 

TO o, TOWT TO b TO* 4TO CTO TOC^l 4TO TO^ TO 

toto wft to Tsfer cto tot wi 

Wltw TOtTOT grfPTO TO 4 WtORT WT WTO TO 

TOTOTOTOTTOI WTOTO TOmTOW bobbbo to ^wwr 
CTOTOf^TOI 

TOtTOT Wl^r ^ft&fdTOTO TOW^ MilH wf&T CTO TO TOi TOl 
TOT Mil I cl t^k?r TO TO 4WTO TO TO TOTO vSlfr 

fro^m ^wtot toto fife to [bobbbo cd, b to to f^, o to 

Wto f^i>, WTO b f^r? w#T] i ^c^lTOmf^fer 

TOWT SmfTPm <7T«IT TO 


v5l^<ilf?i<P ^<|fci(L<^ j0 Mr Sf^H^Tf 
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Chapter 




4 $ wvjtnr wrwt f^fw^r w^tuow ®wyff&*tFfFT ?jfw^ c *0 

wmi rfft .7 R*lJto fFrPvWW fMot £ffu$PT Ref erffcf 
4W rftZN ?lfW¥ C*0 dlMiM ^Wf qTffTfl erf^ C*0 W 

fMum ^/w ©ww/ 


to c 9 !^, toto <imti to toi toto toe 
tot(7T c#t^ ^to ^5 <imN wr *sr, ctwttw, ^fe 
C 9 !^, C 9 ^, C 9 ^, ^ C 9 !^, C’fe C’ftI 2fto C# 

^mrte * ^to c 9 ^ ^ ^ 
^to c’fe <imft w toi(Rf ^to toie ttor wr wf of tofc^ 


(7^5 

17^7 “offi 

✓ g^f jftet 

h gttojjtog 

ffl 


’toGRT <lRt4H RR^ 31^ <M6o ’IBRT 

CWfJ <to <imN ^t R<« 


ihPic^^ sf^mr 
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^Jdddtw^ fdf%^ c#r^ cd^ f%^ f%^ dtto ddw wi f%^ 
dRiC<t> ddW ddTtd dddd 4Xdd ^M^d dtf¥& Iddldtd^t f^l fdf%3 
dto cdxfcr wdi 1%^ f%^ fe w cddd ^ cd^ idtfxo 
^ddfdddd f^, dlt^ C 9 ^ IdltXO 1%3 f^ ROltfdl 

cw dto cdcfcr dd sfddd wo ^ w Rd 5d c^ddi 5^ 

($tdd ^ C¥td Rafted W9M Rd^ W dlXd CdR fit ^N dd 

fdxwixdd cdx^ gjr^ 

to RRsri c#ff cdxfcr 1w, 5d &dd wmsftd cddi wri 

<T& dt Rdolu C’f&s dl^ Cdl^ dt Rdofu CdT? 3ddp^ fddfto ^lot?" 5 ^ CddI 
dT? CdXi? Cd 3d^ Cddt 3Xd, old fddfdo 3Xdl ^T a^dOd OTdt 

<]|ct%, ddd ^d^jT? o odd b ^d° ddd Rd^ ^ odd ^lob^ o 1 

Jd ($ddtod W diddldlXd C#! R>oftc^ Rd^ 

^dd dddd w dtdi d^ cdcfcr wmtsftxd cddt dtx5% ddd ^ 
CdM dtXd o Co odd df^ ^pTO fw ddd ^ ddi W Cddd 

dtXd did b WT odd fdW dtdp f%od fdXd dt ffcd WidXd olXdd 
f%od fdXd dtXd I dddd 45 dXd C^tw&M dT dTdf d^d 1 ^[od1\ dH ^dXd dt I 
dtXd ^ Cdtdt dtddd did ^ptXd ^ ddi dXd ^pTXd dti 4ff?5 d^ C 9 ^, 
dtddd^X^fddWWi IdXFd^ CdxSdJd C^dd CddtdCdfi 
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